Tangent stiffness equations for a beam-column which is subjected to either uniformly or sinusoidally distributed lateral load are presented. The equations have been derived by differentiating the slope-deflection equations under axial forces for a member. Then, the tangent stiffness equations take into account axial forces, a bowing effect and laterally distributed loads. Elastic buckling behavior of parallel chord latticed beams with laterally distributed loads is investigated, to compare the results of the present method with a conventional method in which the distributed loads are considered as concentrated loads at additional nodes of a member. Furthermore, buckling tests were carried out to confirm the derived equations and to make clear the buckling behavior of space frame structures. As a result, the new equations can lead to a good efficiency of estimating equilibrium paths and a significant savings in the core storage and computing time required for the analysis of space frame structures.
Introduction
In treating a frame structure which is subjected to a distributed load, an ordinary method is a so-called conventional matrix method that divides a two-nodded beam-column element into finite segments and considers a distributed load as concentrated loads acting on additional nodes of the element. However, for space frame structures with the great number of members, the advantage of the preceding approximation with respect to loads can lead to a considerable increase in the number of degrees of freedom and in the computing time. It may be, therefore, desirable to use member force-deformation equations considering laterally distributed loads. In the literature, slope-deflection equations under axial forces for a member that is subjected to either uniformly or sinusoidally distributed lateral loads have been already presented 1),2). However, tangent stiffness expressions are necessary for space frame structures to study the effect of distributed loads on constituent members, since the flexural rigidity of members is very different from that of a whole structural system. Space frame structures are widely used to cover large areas without the need for intermediate supports. The two main components of any space frame structure are members and joints. In design, it is generally assumed that only joints are directly subjected to external loads. The constituent members transmit the loads from a joint to the other joint as axial forces. However if the possibility of a larger space frame structural -system may be pursued in the future, the existing structural system must be changed, barring unexpected developments of materials. Then, one of developed structural systems is the hybrid system that combines a space frame structure with a cladding, for example, a concrete slab, steel panels or membrane, etc. In such a case, constituent members may be directly subjected to external loads. From this viewpoints, tangent stiffness equations for uniformly or sinusoidally distributed laterally loaded members under axial forces are presented. As a numerical example, the load-deflection relationships and buckling loads are estimated for parallel chord latticed beam and the results by the present method are compared with a conventional matrix method, in which distributed loads are assumed to be concentrated ones. Furthermore, buckling tests were carried out to confirm the derived equations and to make clear the buckling behavior of space frame structures subjected to laterally distributed loads.
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The member is assumed to be an elastic straight one whose section is uniform and biaxial symmetric. The shear deformation of a member is neglected. The relation between the member forces {s} and deformations{u} is defined as follows. at P ny =1
The loading term r s of a sinusoidally distributed is given by
Qny1CEI y(a y -{3y) (11)- (14). The functions of the uniformly distributed load are given by (11) and (12), and those of the sinusoidally distributed loads are given by (13) and (14).
at P ny =0
Tangent Stiffness Equations of Member The incremental vectors of member forces, relative deformations and loading terms are denoted as { !:l s}, { !:l u} and { !:l r}, respectively. The relation between the incremental vectors can be written as {As}= [M] {Llu}+ {Llr} (15) in which EI [ 
. (42) (43)
The obtained tangent stiffness matrix is for member forces -relative deformations relations in local coordinates. The tangent stiffness matrix (12 X 12) of member forces -displacements relations in local coordinates can be obtained from considerations of geometry and equilibrium 5) • Numerical Examples The tangent stiffness equations of laterally distributed loads have been developed here, previously. In this paragraph, some comparisons of the buckling behaviour of parallel chord latticed beams has been made between the predictions of the new tangent stiffness equations, and those of a conventional matrix method where each constituent member are divided into finite segments, with respect to a sinusoidally distributed load. As numerical models, parallel chord latticed beams of 3 structural units shown in Fig.2 are treated. As a parameter, the number of structural units is 3, 10 and 16, and the 3 loading cases are adopted. In Fig.2 , NL loading type denotes vertical concentrated loads on upper nodes, DL type denotes distributed loads on upper chord members. CL loading type denotes equivalent concentrated loads on the additional nodes of members. In numerical analyses, the additional nodes of a member are 10 for a 3 structural unit beam and 5 for 10 and 16 structural unit beams. The mechanical properties of constituent members are shown in Table 2 . 2 )
The obtained total load-deflection relationships are shown in Figs.3, 4 and 5. The elastic buckling modes of DL and NL loading type~are shown in Figs.6 and 7, respectively. In the figures, the markT represents the elastic buckling load of each loading case. The mark "\7 represents the initial yield load before the buckling load. In such a case, the yield condition is defined by the axial force N and the biaxial bending moments M as follows. The obtained elastic buckling loads are shown in Table 3 . In the figures, the two elastic buckling loads by the present equations and the conventional matrix method are similar to each other at the each structural unit. However, the deformation of the conventional matrix method (CL type) ,where the distributed loads are considered as concentrated loads on additional nodes of a member, is larger than that of the present equations (DL type). The ratio between the two values of deformations is about 1.5 times for the 3 structural unit beam. The deformation of CL type is about 10 % higher than DL type for the 10 structural unit beam. For the 16 structural unit beam, the deformations of the two method are almost equal to each other. It may be caused by the reason that the geometrical nonlinear effect of members becomes relatively smaller on the geometrical nonlinearity of the whole structure. Then, it can be said that the differences of deformations depend upon the number of additional nodes of members. The each buckling mode shown in Figs.6 and 7 is member buckling that appears in the middle of beam. The computing time of the conventional matrix method is about 9 times of the present method for the 3 structural unit beam and about 4 times for 10 or 16 structural unit beams. The present method can save the computing time and core storage. Secondly, the effect of distributed load is considered by comparing the two results of NL and DL loading type. For the 3 structural unit beam, the load-deformation relationships by the distributed loads show strong nonlinearity and the elastic buckling load is about 35% smaller than NL loading type. The elastic buckling load of DL loading type is about 10% , 7% smaller than NL loading type at the 10, 16 structural unit case, respectively. Then it can be said that the reduction of elastic buckling load is relatively small while the number of structural units is large at the present model. Furthermore, when the material shown in Table 1 is used, the yield of members may be reached before an elastic buckling load. The initial yield load is about 10% of the elastic buckling load at the 3 structural unit beam, about 57% at the 10 unit case and 85% at the 16 unit case, respectively. However, this fact may not be always disadvantageous in practical design, that is, if the number of structural units is small, it may be sufficient for a designer to make the stiffness of members larger.
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Model Experiment
Some model experiments were carried out in order to confirm the new tangent stiffness equations and make clear the buckling behaviour of latticed beam which is subjected to a laterally distributed load. The test model is shown in Fig.8 . The test models consist of tubular brass members (~5.0 X t 0.8 rnm)and brass ball joints (~15.9 rnm) connected by steel bolts as shown in Fig.9 . In Fig.9(a) , a continuos tubular member passes throiIgh all upper brass ball joints and is fixed by screw bolts in order to obtain rigid-jointed stiffness. The test models are roller supported at the both ends. The upper chord members are directly subjected to vertical loads ,as shown in Fig. 10 . The total load-deflection curves obtained by model experiments are shown in Fig. 11 with numerical results. The vertical axis denotes the total load and the horizontal axis denotes the deflection of node 3 shown in Fig.8 . The load-carrying capacity and the elastic buckling loads are shown in Table 5 . The experimental curves are denoted as a dotted line. The latticed structures gradually exhibited strong nonlinearity with the load increasing. The member buckling occurred at the peak load. After the peak load, the load-bearing capacity rapidly decreased. The deformation mode of a beam before the peak load is shown in Fig.I2 and the residual deformations after the experiments are shown in Fig.I3 . In Fig. I I, the upper chord members were bent in the vertical direction by the distributed loads. However at the peak load, the upper chord members buckled in the horizontal direction. It can be seen by the residual defonnations shown in Fig.13 . The elastic buckling loads have been estimated by the present equations at the two distributed loading cases. In the numerical analyses, the member model is the one consisting of a uniform member, rigid end parts, and rotational springs for the bolted jointing system 6). In Fig. 1I , the numerical result of a sinusoidally distributed load is denoted as a solid line, that of a uniformly distributed load is denoted as a dashed and dotted line. The elastic buckling load of each loading case is almost equal to each other. However, the deflections of a sinusoidally loaded case are larger than the uniform load. The experimental curves are relatively close to the curve of the sinusoidally distributed load case. During the experiments (see Fig.12 ), when the flexural deformation of upper chord members became larger, some wrinkles appeared in the loading sheets and the shape of distributed load seemed to be close to a sinusoidal shape. The elastic buckling mode obtained by the numerical analysis is shown in Fig.14 
Summary and Conclusions
Tangent stiffness equations of a beam-column which is subjected to sinusoidally or uniformly distributed lateral loads have been presented. Numerical study is carried out with the equations in order to investigate the loaddeflection relationships and elastic buckling loads of parallel-chord latticed beam. The buckling behaviour of latticed beam structures has been theoretically and experimentally made clear, while the upper chord members are subjected to a distributed load. The following conclusions of the present work have been obtained: The use of the new equations can lead to a good efficiency of estimating equilibrium paths of space frame structures as well as a significant savings in the core storage and computing time in the analysis. The elastic buckling load with a distributed member load is smaller than the only nodal load case, however the reduction depends upon the number of structural units. As for the present latticed beam with a vertical distributed load, the direction of member buckling mode is in horizontal plane, although the loading direction is vertical. 
